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ÅThe Mu2e calorimeter ï requirements and realization 

ÅThe initial environment 

ÅThe Project X environment 

ÅProspects for coping 

ÅPotential R&D directions  

The Mu2e Calorimeter at CD1 and at Project X  
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Mu2e Apparatus 

Production Solenoid 
Detector Solenoid 

Transport Solenoid 

Production Target 
Tracker 

Calorimeter 

Proton Beam 
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Cosmic Ray Veto not 

shown 

Production Solenoid 

Å Production target 

Å Graded field 

Detector Solenoid 

ÅMuon stopping target 

ÅTracker 

ÅCalorimeter 

ÅWarm bore evacuated 

to 10-4 Torr 

 

Transport Solenoid 

ÅCollimation system selects muon charge and  

momentum range 

ÅPbar window in middle of central collimator 

ÅDelivers ~ 0.0016 stopped m- 

per incident proton 

Å1010 Hz of stopped muons 
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Calorimeter requirements 
 

The purpose of the calorimeter is to confirm that a reconstructed track of a m ­ e 
conversion electron candidate is well-measured, and was not created by a spurious 
combination of hits in the tracker. 

 
1. Measure the position of the conversion electron ­ ů(x)  Ò O(1 cm). 

 
2. Compare the energy deposited in the calorimeter to the reconstructed track 

momentum ­ ů(E) Ò O (2%), with an uncertainty in the energy scale small 
compared to the resolution. 
 

3. Compare the time of the energy deposit in the calorimeter to the time 
determined from the tracker ­ ů(t) O (Ò1 ns). 
 

4. Provide particle identification to separate, for example, electrons from muons. 
 

5. Provide a trigger that can be used for event selection 
 

6. Maintain functionality in a 50 Gy/year radiation environment with light yield  
loss < 10% 
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ÅResolution requires the statistics of a scintillating device ï crystal or LXe 

DIO spectrum 
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Fast, rad hard scintillating crystals 
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Calorimeter vane design is inherited from MECO 
 

A good match to the MECO L-tracker. Not a design that complements the Mu2e T-tracker 
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Optimizing the vane geometry 

Number of vanes 

and vane length 

Tilting the vanes 

improves geometric  

efficiency 

B. Echenard 
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Disk Geometry 

Ç Alternate geometry: two discs separated 

by ½ wavelength of the helical trajectory 

of the conversion electron  

Ç Provides greater efficiency for a given 

crystal volume and substantially higher 

efficiency (84% of good tracks in the 

fiducial volume) than the vane geometry 

Ç The disks face the target Ý photon and  

neutron background from muon capture is seen head on.  

C.-h. Cheng, B. Echenard 
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Time structure of the Mu2e beam 

Required extinction < 10-10 

Muon nuclear capture  
and Decay in Orbit (DIO)  
Muon capture on Al  has two  
dominant final states:  
 - nuclear capture, ~ 60% Ý n, p, g 
 - muon DIO, ~  40% Ý high energy  
    tail is an irreducible background  
    to m to e conversion. Suppressed 
    by excellent momentum resolution  

Radiative Pion Capture  
Negative pions stopped in the Al target: 
              p - N Ƃ g N Z-1, g Ƃ e+e- 
About 2 x 10-4 decay electrons are in the 
momentum signal region for 3.6 x 1020  pot 

 

Prompt beam-related background  
Suppressed by a delayed òliveó  
window which starts about 670 ns after 
the beam pulse. 
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Calorimeter hit rates ï DIO + m capture 

With new normalization, rates reduced by ~0.44) 
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Background from m capture on Al target foils 

 


